The purpose this work was to evaluate the influence of pre-harvest application of plant biostimulant on the quality and shelf-life of melon. For this an experiment was established in the "Coopyfrutas", located in Rio Grande do Norte state/Brazil. The treatments consisted of a combination of factors: melon cultivars ('Goldex' and 'Iracema') and pre-harvest application of plant biostimulant, Crop Set®, (with and without). At commercial maturity, some fruit of each treatment were sampled and analyzed and the others were stored in a cold chamber at 10±2 ºC and 80±2% relative humidity. The experiment was arranged in a completely randomized split-plot design. The plots consisted of cultivars and Crop Set® application and subplots of different storage time (0, 14, 21, 28, and 35 days after harvest) with eight replications. The characteristics evaluated were length, diameter, internal cavity, external and internal appearance, weight loss, fresh firmness, soluble solids, titratable acidity, pH, SS/TA ratio, and total soluble sugars. Applications of plant biostimulant led to an increase in fruit length and diameter. It reduced fresh firmness and increased the pH of 'Goldex' fruit. The total soluble sugars reduced at 35 days of storage in the 'Iracema' fruit treated with plant biostimulant.
Introduction
Melon (Cucumis melo L.) is a vegetable of African and Asian origin, greatly appreciated and highly popular worldwide. Today melon cultivars are found in various regions, and this amplitude is a consequence of genetic variability that has allowed the adaptation of different types of melon to different conditions, so that today the fruit have specific characteristics, according to their group and cultivar.
The cultivation of melons of the Inodorous group is more common than that of Cantaloupensis in the agricultural region of Mossoró-Assu, Rio Grande do Norte, Brazil, the state of largest domestic melon production. Melons are fresh fruits most exported in term of volume from Brazil, the main market being the European Union, followed by North America (Sousa et al., 2013) . the manufacturer's information, the commercial product Crop Set® is registered in Brazil as foliar fertilizer, containing 1.5% manganese, 1.5% iron and 1% copper.
Three hormones, auxins, gibberellins, and cytokinins are involved in the retention of young fruit on the plant and in the promotion of fruit growth by enhanced cell divisions and cell enlargement (Crane, 1964) . Previous evidence reports the occurrence of cytokinin-like activity in fruit (Arnau et al., 1999) , but our knowledge concerning the influence of pre-harvest application of plant regulators on the quality and shelf life is still scarce.
According with Hayata et al. (2000) , the CPPU application pre-harvest increased fruit growth in Tokyo Earl's 55' melon in the first 10 days after anthesis and application of CPPU [N-(2-chloro-4-prydyl)-N-phenylurea] at the studied doses (1, 5, and 10 mg L -1 ). In this study no correlation with the shelf-life fruit.
On the other hand, during the post-harvest of fruit and vegetables the most common problems are associated with changes in flavor, fresh firmness (Amaro et al., 2013; Goulao et al., 2007) and total soluble sugars (Shin et al., 2007) and weight loss (Goulao et al., 2007) . These characteristics are strongly influenced by time, temperature and relative humidity during storage. Thus, post-harvest techniques that reduce the metabolic activity could be a possibility to increase the shelf-life of the fruit.
Given the lack of studies published on the effect of the use of plant stimulant on the features and storage of melon fruit, the aim of this study was to evaluate the influence of pre-harvest application of the plant biostimulant Crop Set® on the quality and storage of yellow melon 'Goldex' and 'Iracema'.
Method
The experiment was conducted on the Farm Jardim, "Coopyfrutas", located in Mossoró, Rio Grande do Norte, Brazil. Seeds of the two melon cultivars 'Iracema' and 'Goldex' of the group Inodorus were used. The treatments consisted of two applications of the plant biostimulant Crop Set® sprayed with a backpack sprayer (20 L, 8 mL of diluted Crop Set®) 18 days after transplanting (DAT) and 16 mL of Crop Set® 25 DAT, applying the product regularly on the plants, always in the same way.
After 65 days of seedling transplanting, the fruits were harvested, classified according to size and then transported to the Laboratory of Food Technology of the Federal Rural University of Semi-Arid where part of the fruit were characterized previously by sampling eight fruit per treatment and the other part was stored in a cold chamber at 10±2 °C and RH 80±2%, for 14, 21, 28, and 35 days. After each storage time, the fruit quality was evaluated.
The experiment was set up in a completely randomized split-plot (2 × 2 × 5) design. The plots consisted of cultivars, application of the plant growth regulator Crop Set® (with and without), and in the subplot time of post-harvest storage (0, 14, 21, 28 , and 35 days after harvest), with eight replications.
The fruit were evaluated after harvest for: weight (g), length, diameter and internal cavity (cm), weight loss (WL), result express in %; external appearance (EA) and internal appearance (IA), a visual and subjective 1-5 grade scale was adopted, according to the severity of the defects in the outer area (depressions, wilt, fungal lesions or chilling injury) and internal (internal collapse, seed loss and/or fluid in the seed cavity) of the fruit: 1 = extremely severe defect (above 50% of fruit affected); 2 = severe defect (31-50%); 3 = moderate defect (11-30%); 4 = mild defect (1-10%); and 5 = no defects; Fresh firmness (FF), a manual penetrometer (Mc Cormick Model 327 FT) was used and the results were expressed in Newton (N); Soluble solids (SS) were measured with a refractometer (PR -100, Palette, Atago CO., LTD., Japan) and results expressed in percentage (%); titratable acidity (TA) was analyzed by titrimetry and results expressed in% of citric acid; pH was determined in the juice of the fruit of each treatment using a digital potentiometer with glass membrane, calibrated with buffers of pH 7 and 4 (AOAC, 1992); the SS:TA ratio was determined by ratio between soluble solids and titratable acidity. For total soluble sugars (TSS), the Antrona method was used, as described by Yemn and Willis (1954) , expressing results in percentage (%).
Analyses of variance were performed using the F test and means compared by the Tukey test at p < 0.05 probability trough software Sisvar 5.3 (Ferreira, 2010) . The regression analysis was made using the Table Curve software (Jandel Scientific, 1991) .
Results and Discussion
Effect of application of the plant biostimulant Crop Set® was observed on the fruit diameter and an effect of cultivar on fruit cavity. Also, the interaction between the factors biostimulant application and cultivar was significant for fruit length.
During fruit storage after harvest, time had an isolated effect on the characteristics weight loss, external appearance, soluble solids and pH. The effect of the interaction cultivar x storage time was significant on internal appearance, fresh firmness, titratable acidity and SS:TA ratio of fruit. The interaction cultivar and biostimulant application on fresh firmness and pH was also significant, as well as the interaction effect of the three factors cultivar, biostimulant application and storage time on total soluble sugars.
The behavior of cultivars differed for average fruit length, depending on the application Crop Set® (Table 1) . In Iracema fruit, Crop Set® application induced a length increase of 18.21% compared to fruit without growth regulator. Likewise, the use of Crop Set® in 'Thompson Seedless' grapes induced an 11.78% length increase of the berries (Leão et al., 2005) . The further development of the fruit after Crop Set® application can be explained by its cytokinin-like action, inducing cell division and thus stimulating cell growth in plant tissues. The application of biostimulant Crop Set® to the plants induced a 7% decrease in pulp firmness (PF) of Goldex (Table 1) . On the other hand, the application or not of biostimulant Crop Set® did not influence the firmness in 'Iracema' melon (Table 1) . Kohatsu (2007) found lower PF in 'Galia' melon after kinetin application to plants, which was attributed to a possible hormonal imbalance, because when applied to the plants together with gibberellic acid, kinetin and IBA, the fruit had firmer pulp.
At harvest (0 days), the 'Iracema' melons were firmer compared to 'Goldex' melon. However, throughout the storage, there was a decrease in fruit firmness and the lowest PF value (12.12 N) was verified in the 'Iracema' melon at 35 days of storage ( Figure 1A ). The maintenance of PF is essential because firmer fruit are more resistant to mechanical damage. It is a characteristic influenced by fruit ripening, post-harvest handling and the plant material. In this study, the PF of 13.34 and 12.12 for the cultivars 'Goldex' and 'Iracema', respectively, ensured the marketing quality of the fruit until the end of storage.
For 'Iracema' fruit there was no difference between the average hydrogen potential (pH) with and without Crop Set® application to plants (Table 1) . However, the average pH of 'Goldex' fruit increased by 2.44% after Crop Set® application to plants. In Galia melon, hybrid 'Galileu', Kohatsu (2007) found an increased fruit pH (6.63), after kinetin application, exceeding the values detected in this work.
The titratable acidity (TA) of the fruit of the cultivars 'Iracema' and 'Goldex' at the end of storage was 0.102% and 0.093%, respectively ( Figure 1B ). Analyzing the citric acid levels in melon cultivars, Nuñez-Palenius et al. (2007) found values between 0.08 and 0.15%, and highest values (0.21%) in the pulp of 'Galia' melon, in contrast with the result of this study with yellow melon. Although the acidity influence the melon fruit flavor (Cohen et al., 2014) , small variations in acidity levels are little significant for melons and watermelons, due to the low concentration.
The average grades of the external appearance (EA) of the fruit decreased during shelf-life, regardless of the cultivar ( Figure 2B ). Despite the lower grade of EA, all fruit continued in excellent condition for sale, with grades above 3.0 (light depressions or spots on the fruit surface). Taking into account that the external appearance is a key feature for melon import firms and that fruit produced in northeastern Brazil takes 14-21 days to reach the shelves of major supermarkets in the US where they are purchased, on average, within three days and consumed soon by consumers, it appears that the fruit could be marketed without problems if stored under the conditions of this work. However, for the internal appearance (IA), grades decreased during the storage in both cultivars ( Figure 1C) . Nevertheless, at the end of the 35 days of storage, only the 'Goldex' melon presented IA greater than 3.0, therefore considered optimal for commercialization. The low internal appearance value (< 3.0) of 'Iracema' melons at 35 days of storage may be related to the smaller epicarp thickness compared to 'Goldex' melon. The soluble solids (SS) content is an important attribute for melon marketing, since it influences the fruit flavor. An increase of 15.91% was stated in the SS content of the fruit of both cultivars up to 21 days of storage, reaching 12.02% ( Figure 2C ). This increase may be related to the fruit weight loss and/or to a possible increase of products resulting from cell wall degradation.
After 21 days of storage, the SS content in the fruit had decreased by 9.65%. Nevertheless, at the end of the storage time, the fruit SS level remained close to 10%, which is considered an indicator of excellent quality (Suslow, 2012) . After harvest some non-climacteric fruit the initial sugar concentration can be increased as a result of the metabolism of cell wall polysaccharides. In the case of melon, the sugar content that represents±90% of the soluble solids is determined by the time the fruit remain fixed to the plant (Kroen et al., 1991) . Therefore, the decrease of soluble solids after 21 days possibly results from the consumption of sugars in the respiratory process.
A decrease in the SS:TA ratio was observed for both cultivars during storage. The SS:TA ratio of 'Iracema' fruit was highest (111.83) after 14 days, and lowest (95.61) after 21 days of storage ( Figure 1D ). For 'Goldex' fruit, the SS:TA ratio highest at time zero (139.29) and 127.07 after 35 days. After all but one storage time, except 14 days, the SS:TA ratio of 'Goldex' was higher than that of 'Iracema' fruit ( Figure 1D ), demonstrating the better quality of 'Goldex'.
During the storage the weight loss (WL) increased as a function of storage time, resulting in a final WL of 9.36%. (Figure 2D ). The absence of packaging probably influenced this finding. The WL observed in this study was higher than reported by Tomaz et al. (2009) . However, it is noteworthy that the relative humidity used by these authors (90 and 95%, respectively) was different from that used in our study (80%). We verified that the WL at 35 days (9.36%) was not enough to cause an effective loss in the commercial quality of 'Goldex' melon in terms of appearance, on the other hand, may have accentuated the decrease of internal appearance of fruits to a improper condition for marketing 'Iracema' melon.
The average diameter of the fruits was influenced only by the application of bioestimulant ( Table 2 ). The average values of the cultivars Goldex (14.46 cm), Iracema (14.08 cm) were statistically equal. On the other hand, the application of the biostimulant contributed to the production of fruits with larger diameter, compared to the plants not treated with the product (Table 2) . Bangerth (2008) Vol. 10, No. 2; 2018 like cytokine increase fruit size. Likewise, Leão et al. (2005) and Souza et al. (2010) found an increased berry diameter after Crop Set ® application in the grape cultivars 'Thompson Seedless' and `BRS Clara´, respectively. The internal cavity of 'Iracema' fruit was 11.71% larger than of 'Goldex' (Table 2) . Similar results were observed in the inner cavity of 'Iracema' and 'Goldex' melon by Tomaz et al. (2009) , with an internal fruit cavity size similar to that of 'Goldex' (4-5 cm), while for'Iracema' the larger values (6-7 cm) were reported than found in fruit of the same cultivar in our study.
The content of total soluble sugars in fruit of both cultivars, with as well as without plant biostimulant application, was highest after 21 days of storage (Table 3) . In 'Goldex', the total soluble sugar content in fruit of plants treated with Crop Set® differed only after 21 days, while without Crop Set® application, fruit differed in sugar levels 21 and 28 days, compared to the other storage time (0, 14 and 35 days), and were lowest (4.96%) after 28 days. In fruit of 'Iracema' with and without Crop Set® application, soluble sugars were highest after 21 and 28 days of storage (Table 3) . Tomaz et al. (2009) observed that the levels of total soluble sugars in fruit of different hybrids of yellow melon decreased during storage. The sugars are energy substrates for cell metabolism and fundamental for the maintenance of vital processes in fruit after harvest (Kays, 1991) .
In contrast to 'Iracema', the application of the biostimulant to plants of 'Goldex' cultivar only resulted in higher total soluble sugar levels in the fruit after 28 days of storage. Lower sugar levels (5.29%) were detected in melon by Hayata et al. (2000) after 10 mg L -1 CPPU application.
With regard to the total soluble sugar content of the fruit under Crop Set® application, no statistical difference was observed between the cultivars (Table 3) . However for the fruit of 'Goldex' cultivar without Crop Set® application, the percentage of total soluble sugars was lower after 28 days. Sugar accumulation during melon maturation is essential for influencing fruit acceptance directly.
Conclusions
The pre-harvest application of Crop Set® biostimulant influenced some quality characteristics of the yellow melon, depending on the cultivar and storage time.
